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Experimental Studies on the Ettects of Heated Chrysotile Asbestos
and Automobile Brake Lining Dust Injected into the
Body Cavities of Mice!

J. M. G. Davis axp 5. W. Contant
Institutr of Occupationul Medicine, Roxhurgh Place, Edinburgh EIIS 95U, Scotlund

Reccived Febrary 20, 1973

A series of experiments with mice imolving the intrupleural injection of cheysotile
ashestos dust heated to varving temperitnres ap to 10007 C suggests that the physieal
shape of the dust particics is more important than the altered chemistry of the dust.
Chrysotile heated to no more than 100 € produced dust samples containing many
long fibers, and these samples resulted 1 Jaree pleural granulomas, Chrysutile heated
to more than 400°C prodnced dist contaming mainly particles of low aspect ratio, and
these produced very small vrannhonas, The initial size of the granulomas was very
closely related to the fiual diegree of librusis found in the animals and, therefore,
chrvsotile heated to 400 C or less was minch muore Sbrogenie tian when it was heated
to higher temperatires. A swinple of aatomohile hrake lining dust was found to con-
tain very little recoenizable chrvsatile, and comsisted muainly of particles with a low
aspect ratio. When this dost was injectod into the plenral cavities of mice it prodiced
very snudl granadomas sud Little filirosis,

The discovery by Wadner et af. (1960) that exposire to asbestos dust was otten
associated with the production of mesothelial tumors caused coneern about the
possible pollution of the normal arban atmosphere by asbestos dost. Wagner had
shown that very small doses were apparently suflicient to produce timors in some
cives and it was sugueested that the use of ashestos products trom ironing boards
to brake linings might be liberating sufficient duost into the atmosphere to cause
a health hazard, Since antomwbile brake linings are constantly being abraded in
use and since many tons of asbestos are consumed in this manner each year, the
possibility of atmosphere pollution from brake lining dust has received particular
attention.

In order to test the level of abospheric pollution by asbestos a number of
studies have been undertuken. The langs from unselected autopsy cases from
ditferent parts of the world have been cxamined and initially, since uncoated
asbestos dust is difficult to find in tissues, the presence of ashestos bodies was
used as a likely index of the presence of ashestos. The figures obtained showed an
increase in the percentage of cuses containing bodies with the increasing sophisti-
cation of the techniques used. The first of these studies was that undcrtaken by

* The dust samples used in this study woere prepared in the laboratories of T.B.A. Industrial
Products Ltd. of Rochdale, England. This work was undertaken as part of the research
programe organiscd hy the British Ashestasis Research Conncil,

)
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BRN DAVIS AND CONIAM

Thomson et al. (1963) in Copetown and these workers reported bodies in more
than 30 ¢ of cases. Later, Thomson and Graves (1966) found a similar prevalence
n Mam’; Cauna, Totten, and Gross (1963) found bBodies in 40% of a series of
Pings from Pittsburg and Anjilvel and Thurlbeck (1966) found them in 45% of
their cases in Montreal. Meurman (1966) reported finding bodies in 709 of a
group of lungs from Finland and finally, Utidjian, Gross, and De Treville (1968)
using a new technique. reported that the lungs of 97 out of 100 consecutive
autopsies from Pittsburg contained bodies. However, Davis, Gross, and De
Treville (1970) showed that the production of ferruginous bodies was not spe-
cific tor ashestos as had been previvusly believed and it therefore became neces-
sary to undertake new studies by which asbestos could be identified by precise
methods. This is still a very difficult problem, although Langer et al. (1970) and
Pooley et al. (1970) huve shown that chrysotile ashestos can be positively identi-
fied in a large proportion of the lungs of town dwellers.

The initial concern over generalized atmospheric pollution by ashestos involved
the possibility of tumor production but the problem was given a new dimension
by the work of Jugatic (1967). Jugatic reported that chrysotile heated to high
tenmiperatures was acutely toxic to mice and found that after the injection of heated
chrysotile into the peritoneal cavity, 60/ of mice died within 45 hr. Since chryso-
tile is the type of asbestos usually «sed in brake linings and since, during braking,

linings are heated to very high temperatures. it became necessary to consider
‘: possible acute hazards of the inhalation of brake lining dust.

In order to study the biological effeets of heated chrysotile and brake lining
dust in more detail it was decided to undertake a series of experiments in which
samples of these dusts were injected into the pleural and peritoneal eavities of
mice. In later studics it is hoped to undertake inhalation experiments with these
minerals to sce whether they should be comidered as diangerous atmosphereic

pollutants.

MATERIALS AND METHODS

The mincral samples used in these studies were prepared as follows:

Samples of high grade Cassiar chrysotile asbestos were heated in an electric
tube furnace for 4 hr at temperatures of ether 400°C, 800°C, 560°C, or 1.000°C.
Atfter cooling. the chrysotile was ground in a mechanical mortar and pestle and
halt of cuch sample was sieved through a 230-mesh copper sieve. With normal
chrvsatile and chirvsotile heated to no more than 400°C many long fibers remained
in the dust atter grinding and since most of these wore removed by sieving it was
puss'ble to produce samples both with and without long fibers. With chrysotile
heated to more than 800°C, however, the dust fibers became extremely brittle and
ve'nding was found to break most of these into relatively short lengths. With
these samples, thercfore, sieving made little difference to fhe size distribution of

the dust particles although experiments were conducted -with both sieved and

nus‘eved samples to test their effects on tissues. ,
The thermal decomposition of chrysotile follows a two-stage sequence of de-
.!rnu'lutiun and breakdown, and the mechanism has been studied by several
tithors incloding Ball and Tavlor (1963) and Brindlev and Havami (1963), The
dehivedroxylation of chrysotile takes place in the temperatnre range 800-780"C and
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CHRYSOTILE ASBESTOS AND AUTOMOBILE BRAKE LINING DUST REY

S00-550"C the debydroxvhited sonervstalline residue is said to recrystallize
to give forsterite and silica. The total decompos.tion corresponds to

Mg, Si, O, (OH), = 3Mg SO, + Si0: + 4H. O .

The forsterite persists  together with silica up to 1000°C but above this temper-
ature some enstatite is formed

3Mg: SiO, + Si0. = 2Mg, SO, + Mg, Si; O,

Since the highest temperature used in these experiments was 1000°C it was the
decompos.tion of chrysotile to forsterite and silica that fonuned the basis of the
preseut study. Throughout this paper the dust samples are reterred to as heated
chrvsutile for simplic.ty, Readers interested in the exact chemistry of any partic-
ular sample are referred to the infurmation in this paragraph.

The sample of brake lining dust used in these experiments was supplied by a
commercial producer of brake linings and had been taken from the rear brake
drums of two of their test vehicles. These cars had been put through a test routine
designed to simulate a long period of normal usage. The original brake lining
composit.on was similar to that described by Lynch in 1968 and in addition to
chrysotile asbestos and binding resins the linings had contained both chromium
oxide and metallic aluminium granules. It would vormally be expected that brake
‘ining dust would contain metallic iron from the brake drum, but an X-ray
analyvsis of the dust samiple pertormed by AL [ Rickards tailed to detect erystalline

irgpepn this occasion.
‘1 these samples ot heated chrysotile and brake lining dusts the following
T.ments were undertaken, In the first series. in order to coufirm the results of
Jagatic et al. (1967), doses of 250 mg of chrysotile heated to 10007 C were injected
uto the peritoneal cavities of 23 Balb/C mice. In the second series of experiments
wngle 10 mg doses of normal chrysotile and chrysotile heated to either 400°C,
600°C. 800°C, or 1000°C were injected into the pleural cavities of similar mice.
Yatches of 23 mice were used tor cach dust sumple and both sieved and unsieved
lust specimens were used in each case. In the final series of experiments single
doses of 10 mg of automobile brake lining dust were injected into the pleural
~avities of another batch of 25 Balb/C mice. In all cases the dust samples were
uspended in 1 ml of sterile distilled water before injection. Animals from all
these studies were killed at intervals from 7 days to 1 vr after injection and
samples of tissue from each were fixed in either formol saline for light microscopy
<amination or buffered osmium tetroxide for electron microscopy. For light
a1 croscopy, scctions were stained with either hematoxylin and cosin, E.P.S., or
Perls’ stain for iron. For clectron microscopy, the tissues were cmbedded in
raldite and after scetivning were stained with lead citrate.

OBSERVATIONS

[n the fisst series of experiments those animals given an intraabdominal injee-

t un of 250 mg of chrysotile heated to 1000°C showed signs of toxic effects within
21 hr und by 48 hr seven had dicd. The remainder showed continuing signs of
isubi.hity for several days but all eventually recovered and none died within 6 mo
o .inj(-ctiuu. When those mice that had died within 48 hr of injection were
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12 DAVIS AND CONIAM

cvamined it was found that little or no cellular response had developed around
the dust which remained scattered and loose in the peritoncal cavity. A histo-
logical examination of the viscera of thuse animals showed no signs of damage
with the exception of some patchy hydropic change in the kidney tubules. When
mice from this scries were killed 7 days after dust injection it was found that the
dust in the peritoneal cavity had by now become compacted into large gran-
ulonmias. Most of these remained free in the peritoneal cavity, supported by strands
of connective tissues, but some became attached to the surface of the omentum.
It was only oceasionally however that adhesions were formed between the loops
of the intestine. Within the granulomas the cellular reaction to the dust consisted
largely of macrophages with a few giant cells, Gbrablasts, lymphocytes, and
plasma cells and with the smaller lesions cells were able to penctrate throughout
the dust mass. With a <lose of 250 g, however, some of the dust lesions were so
large that complete penetration did not occur and the central regions of these
granulomas remained completely acellular. By 2 wk after dust injection most of
the granulomas were surrounded by a thin but clearly defined capsule of fibrous
tissue and some collagen had been produced among the cells of the granuloma
itself. A gradual increase in collugen was seen within the lesions behween 7 days
and 1 vt after injection but within this peried the aramilomas still contained many
cells. ‘
n the experiments using 10 mg doses of cither heated chrysotile or brake lining
t no animals died within the first 2 wk after injection and none showed any
oxic effects. Granulons were produced in respomse to all the injected samples
hut cellular reaction to the dust was tound ta vary according to the dust type,
the temperature to which it had bheea hested, and its method of preparation.
Animals injected with cither normal chrysotile or chrysotile heated to 400°C were
found after 2 wk to have cellulr grunulowas with complete cellular peuetration
throughout the dust musses. In these lesious cells nwsked the dust to such au
extent that it was extremely difficult to sec with the light wicroscope. In the
animals injected with chrysotile ground and sieved the granulomas were relatively
small and formed few adhesions, but in those animals injected with nnsieved dust
the granulomas were much larger tor the sume dust dose and trequently formed
adhesions between the contents of the chest cavity, T animals injected with dust
heated to 600°C cellulur granulomas were still produced but there appeared to be
less ditfcrence between the sieved and the unsieved dust groups, and both
produced only small granulomas without adhesions. In the groups of animals
injected with chrysotile heated to either 800 or 1000°C the resulting granulomas
were always small compared with the dust dose used and no adhesions were found
in cither the sieved or the unsieved group. In these experiments. however, it was
found that the chrysotile dust was now clearly visible in the tissues and in the
light microscope appeared to cousist of cylindrical or rectamgular particles which
ranged from 1 to 10um in diameter and which could be up to 30um in length.
Normally ¢olls were still able to penetrate throughout the dust masses but fewer
cills were present than in granulomas produced by normal chrysotile.
By 2 wk after dust injection a thin capsule of fbrous tissue wus usually formed
Q\m(l those granulomas remaining tree in the pleural cavity, Those that forined
Rohiesions, however, did not develop any specific Liver of fibrous tissue between
thes main granuloma and the organ to which they were attached. By 2 wk, also
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Fre.. 1. A section of a macrophage {rome a monse granuloma 2 ok after wn injection of chry-
sotile wsbestos heated to G00°C. Groups of chrysotile erystals are v oenin two pharosomes (P)
within the cell, and the structure of these ervstals appears wormal. In both cases, the dust
ippears loosely arranged in the phagosomes and the phacosome membrane has not at this
tage contracted closely around the dust. - 63.000.

ome collagen was usually present among the plagocytic cells that made up the
uain part of the lesions. During the first Few wecks after injection eollagen pro-
duction was more rapid in those granulomas induced by chrysotile dust heated
"0 800°C or more, than in grunulomas resulting trom either unheated chrysotile
ir chrysotile heated to no more than 600°C. Howcever, by 6 mo after injection
this distinction was no longer apparent, and the long-term production of collagen
‘n any given arca of granulation tissue did not appear tu differ much between
imilarly prepared chrysotile samples that had been heated to different temper-
atures. The physical shape of the dust particles did. however, have considerable
effect on fibrosis. The total amount ot collagen produced in response to a 10-mg
luse was closely related to the size of the resulting granulomas and since unsieved
samples heated to no more than 400°C produced large lesious these samples were
more fibrogenic than sieved samples heated to 400°C or to samples heated to
igher temperatures. All these produced very small granulomas.

tron microscope studies showed that almost all the injected dust from
Lieated at 60070 or loss was plugoevtosed by maerophages and oecasional
colls und few oxtracellular dust particles were found. The process of

HWBUI0006704
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macrophage (M), and the phagisome moembrane i in close contact with Fhf.e Ad“b.' ("lrlrl)\\l;
Although the chrysotile erystabs are partially fused with one annther, the original ersstal ontling
* s still discernible. < 65,000
phagocytosis and the subsequent behavior of the (h:ﬁt within crlls-:\m‘)c:\redh
ideﬁtic;li tu that reported previously ( Davis, 1488, 1.‘3.;0;11. Dhust pnmclcs[ wm'e,l
initiallv taken up into large vactolated phagosomes (Fig. 1), but the :.nem :r_u;u.es
of these eventually contracted and became closely opposed to the dust partxclt_sé
Usually the dust remained on its own inside the phagosome membrane, b)u
vecasionally it was found mixed with ferrugimous gr;mul_us and mfembram.:- d(fe 1;5
in the dense structures that are known as phagosome l’t‘SXdU‘.\l‘lX)dl?S. .\lust 0 ;, ;
dust remained in those structures, but occasionally an odd fiber wasf tpuud dt al
appeared to have escaped into the cell evtoplusm. The macrophages t.roml ! este:
experimental groups showed no signs of damage even when they containec argf
amounts of dust. No ditferences could be detected in the structural appearance“ g >
crvstals of normal chrysotile and chrysotile crystals that had been heated to 490 ¢ ] eg -
With dust heated to 800°C, however. it was nuticvuhle' that the ph'fxgoc.\ t(fs‘t;s Jie _!5};“;‘&
cdist, whether sieved or wnsicved. contained more individual chrysotile 'cr,v'.st.x" AR
thanr ervstal bundles, and many phagosmmes were ivsmn’d closely packed wnt‘hA }xlc’l\-. i et o o ey
il crvstals. Electron microscope exanituition of lesions prudnwc.l Fly ('I'u.\.\utlf‘ purticle of fused vhevsarile {C
e to 800 C or 10007C showed why the dust was clearly \'mhhj- in ll;u(i m,,.,,,m] erystal onthine has bean
o ons even with the light microeseope. During the heating process the individua « TOAKNY,
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.TH!\YS()TII.E ASBESTOS AND AUTOMOBILE BRAKE LINING DUST 345

ob | Ltile ervstals had lost their normald tubular structure and fused with the other
¢ stals in the bundle (Rickards, 1967 ). This fusion was complete enough to hold
‘he crystals together during grinding so that the dust was broken up into relatively
a e masses rather than fine fibrous bundles often containing only a few crystals
w . When the tissues were examined only a few weeks after dust injection the
riginal outline of the chrysotile crystals within the fused masses could still be
leracted (Fig. 2, but several months after dust injection this crystalline structure
v. 0o longer visible. It appeared that the dust had undergone some degree of
tissolution within the tissucs, and the neat crystal arrangement had been replaced
v an irregular honeycomb structure (Fig. 3). Although the fused chrysotile
1. ses were much thicker than normal chrysotile dust particles, most of them had
o greater length, and the majority could still be phagocytosed by single
acrophages. Very large particles were occasionally seen inside giant cells
it Hugh these cells are not common in mouse granulomas (Davis, 1970b), and
i : frequently the larger particles were closely surrounded by unfused
r:ucrophages. Inside the cells there were some notable differences between the
¢ avior of the heated chrysotile masses and normal chrvsotile. Particles of
) 1al chrysotile are taken up into large phagosomes which presumably contain
1id and the phagosome membrane is otten well clear of the contained dust, at

o e
;,"’t .
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3

50 A seetin of o wacrophage from a wouse granuloma 3 mo after the inicction of chryvs-
Cist heated 1o K00°C, The macrophage o surrounded by collagen fibers () but 4 large
ot fosed chirysotile (C) v present within the evtoplasm, In this case, however, the

ot .nulhm- b been lost and has been replaced by an irregulur boueyeomb pattemn.
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346 o DAVIS AND CONIAM

Fic. 4. Particles of clirysotile dist within o macrophage from o mowse plearal granuloma,
3 mo after dost injection. The diust had been heated to 200 C hefore tnjection, and by this
stage the clirvsotile crystul pattern has boeen replaced by e deregnkin haneveomh structure.
The largest dust particle (P) is associated with masses of desise wranules (F) that probably
represent ferritin, or hacmosidering wnd in some arcas these have penctrated deeply into the

“dust. X 33,000,

least in the early stages. With the masses of heated fused chrysotile however, al-
though they were taken up into membrane bounded vesicles the membrane was
alwavs seen in close contact with the dust. Many of the small dust masses could
still be taken up by single macrophages which usually showed no signs of damage.
In these granulomas, however, it wis not unconmumon to find dead wacrophages
containing dust although such dead macrophages have only rarely been found
in lesions produced by normal chrysotile.

In animals injected with either unsieved normal chrysotile, or chrysotile heated
to 400°C some typical ferruginous bodies ( Davis, 1970b) were found in the gran-
nlomas from about 2 wk after dust injection. Sieved samples of normal chrysotile
and chrysotile heated to 400°C did not, however, result in the production of any
ferruginous bodies. This was also true of buth sicved and unsieved samples of
chrysotile heated to 600°C. In animals treated with chrysotile heated to either
500 C or 1000°C no true asbestos bodies were found in’ which the dust particles

were surrounded by a distinet coating of ferruginous material. However, with.

some: of the larger chrysotile fragments, especially those showing the greatest
cwree of dissolution, it appeared that dense geranules similar to ferritin o
.u.-musidcrin had penctrated deep into the dust (Fig 4).
Bruke lining dust when injected into the pleural cavity ob mice prmlun'll
sunller granulomas than any ol the ashestos ty pes used in this study and these
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v s never formed adhesions, being mainly suspended in the pleural cavity
in strands of councetive tissue. In the light microscope the brake lining dust
utd be scen to consist mainly of irregularly shaped particles 5-25 um in
ameter, but a number of elongated particles were also present which ranged
v 2t0 23 g in dinmcter and which could be up to 30 pm in length. Cells
re able to penetrate deeply into the dust masses but the number of cells was
vavs comparatively few compared to the dust load. The granulomas were
i v surrounded by a thin capsule of fibrous tissue within a few days of
c.don, and some collagen had been produced among the dust containing cells
thin 2 wk. Atter this time collagen production increased quite rapidly and the
i 18 became less cellular so that 1 yr after injection the dust particles had
bound together by a network of old acellular collagen. Since the initial
-nulomas were so small, however, the amount of collagen produced in response
t' » dust was never very great.
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38 particle of antomobile brake lining dust within a macrophave from o mouse pleural
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Eleetron microscope studies showed that the brake lining. d}l.s‘t consisted n‘uuniy
of dark nasses showing no intermal structure, and ‘cn’ntammg n.0 recognizable
chrysotile. In most cases the only contaminants \VItblxl th'e dttxst musse; ‘werc
smooth erystalline particles usually about 0.05 ot a micron in dmmete;l( igs. 5
and 61, Since metallic iron was not present in the ongmal'd.ust slamile ]t. ese we.r.e
probably particles of metallic aluminum added.to the onguml )ml e lining r(t{n.\E
ture as an abrasive. Very occusionally dust particles were tmm_d that comsisted o
a lighter and more homogenous material which contamed.m addltltln.l to th(i
erystalline particles already mentioned elongated crvstals of appa.r.en]t,\ nl(;\;m.\f
chrysotile (Fig. 7). This tvpe of dust. however. mac?o up much less tmnv % (])
the total. Smiall dust particles were phagocytosed in large numbers b}) shmgo
macrophages but as with chrvsotile heated to high tctmperatuljes norm: p :fgo—
some vacuoles were not seen cven in specimens ummn'w.d only a few days 1 I;er
dust injection. The phagosume membrane cout'ractv(l quickly around the'se Zma er
dust particles to form phagusome residual .b()dlcs, and these nft(jn cgnts%r;e lsome
ferruginous granules and membrane dcbm: as well s dust ( Fl‘ ig. ‘ ) 'theha;tgeé
dust fragments were sometimes found within small giant cells, but as with heate

L b
i 60 A mmerophage from a mouse pleural grannloma 4wk after the injedtion of I
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Fie. .. A particle of brake lining dint within o monse sacraphage 2 2k after the injvetion

this dust. In this instance the dust consits of low depsaty amorphons material within which
‘ubedded recognizable crystals of chirvsotile usbestos 1) and Lareer nonfibrous crvstalline
des that probably represent metullic aluminam A1 - G3.000

sotile many of the larger particles although surrounded by cells, remained
«cellular. Dead macrophages containing brake lining dost were Found in the
iulomas at all stages of the experiment, but they were less frequent than in
alomus produced by chrysotile heated to either SO0°C or 10007 C.

DISCUSSION

e present study has confirmed previous suggestions that the physical shape
hestos particles is important in determining the degree of fibrosis produced
t'ssues. Several workers including King et of. (1946), Vorwald et al. (1951),
~ Webster (1963) have suggested that long fiber asbestos is more fibrogenic
g tissue than short fiber dust and Davis in 1972 showed that this also applied
lust injected into the pleural cavitv. It was found in this work that long fiber
les of & number of mineral dusts produced much more fibrosis than short
dust. s the studies using heated chrysotile it was found that if the dust was
ted to no more than 400°C mechanical grinding still produced dust contain-
*large proportion of long fibers. When normal chrysotile is finely ground
rizinal crystal bundles tend to split longitudinally rather than transversely
a .(.- very Jong thin fibers are produced. Sieving this dust removes most
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of these long fibers and it was therefore possible by using both sieved and unsieved
dust samples to gain some ideu of the effect of fiber length on the tissues. It was
found that the long fiber samples produced larger granulomas than the short
fiber dust and since the amount of fibrous tissues produced depended on the
initial size of the lesions (Davis 1972) long fiber dust was more fibrogenic than
short. ‘

When dust was heated to 600°C the structure of the chrvsatile crystals appeared
unchanged in the electron microscope but the ground dust samples contained
few long fibers. It appeared that the crystals were more brittle than normal
chrysotile and that in most cases the bonding bctween the crystals had been
weakened. This was probably associated with the gradual dehydration that occurs
when crysotile is heated from between 100°C and 600°C. Grinding this type of
dust tended to break it into individual short erystals aud there was little differ-
ence between sieved and unsieved dusts. Since few long fibers were present both
samples resulted in the production of small granuloimas and little fibrous tissue
was produced compared to the size of the dust dose. When chrysotile was heated
to 800°C or 1000°C the individual crvstals fused with one another and the fused
bundles remained brittle. When these samiples were ground the original large
bundles of chrysotile cryvstals fractured transverseh as one unit and the resulting
dust consisted of thick, but short particles. Siceving this dust did not change the
particle size distribution and both samples produced very small granulomas

esulting in relatively litthe fibrosis. With the brake lining dust the particle size
.listn'l)utinn was very similar to chrvsotile hicated to S00°C or more. Some
enlongated particles were present but these always had o very low aspect ratio.
Since very little of this dust could he recognized as chrysotile even with the elee-
tron microscope, the results are not direetly comparable with heated chrysotile
but very small granulomas were produced in response to brake lining dust and
little fibrosis resulted from its injoction.

The first group of experimnents in this study confirmed the suggestions of Jagatic
et al. (1967) that chrysotile asbestos heated to high temperatures is far more
toxic than normal chysotile. It would appear. however. that very high doses are
needed to produce a lethal effect aud after a 10 mg dose none of the mice
showed any signs of disabilitv. This 10 mg dose tor mice corresponds to one of
approximately 30 g for a 12 stone man and this is an fmpossible ficure for anvone
to take in by inhalation over a short period even under the worst industrial
conditions. Tt is very unlikely. therefore, that this toxic cffect of hieated chrysotile
need be considered seriously when dealing with the problems of general atmos-
phere pollution by this type of asbestos. From the experimental point of view,
however, the rcasons for this toxicity are of considerable interest. It has been
suggested that when chrysotile is heated to more than 800°C free silica is
liberated in the amorphous state, and several workers Have shown that this can
be lethal. Gye and Purdy (1922) demonstrated that colloidal silica was rapidly
futal to experimental animals when injected intravenously and Dale and King
1933} produced similar results. These- workers found that colloidal silica was
ten times more toxic than crystalline quartz in these conditions. Klosterkotter and

itten (1953) also showed that molecularly dispersed silica, whether adiinistered
intracheally or intraperitoneally, was lethal to rats, It therefore seems possible that
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.‘:\ths of animals given lurge injections of heated chrysotile were due to
silica poisoning.
cgardless of general systemic toxicity, however, it was found that chrysotile
eated to 800°C or more and brake lining dust both showed much more cyto-
toxicity for individual macrophages than normal chrysotile. In a previous study
~sing the intrapleural injection of chrysotile in experimental animals (Davis,

J70a) it was noted that it was very rare to find dead macrophages in the lesions.
With heated chrysotile or brake lining dust, however, macrophage death was

nuite frequent although dead macrophages never made up more than a few

creent of the total. Even the living macrophages from these granulomas showed
aistinet differences from those in lesions produced in response to normal chrys-

otile. When normal ehryvsutile is phagocyvtosed by macrophages it is retained

't some time in a large phagosome vacuole before the membrane of this struc-
ire contracts around the dust particle. It was shown in organ culture experiments

t Davis, 1968) that this process could be completed in as little as 12 hr after
hagoceytosis but this must be rare and after intrapleural injection of chrysotile
ncrophages with vacuolated dust containing phagnsomes could be found in the

granluomas for several weeks. With chrysotile heated to 800°C or more, however,
1d brake lining dust, vacunlated phagosomes were never scen and the phagosome
wmbrane was always closely opposed to the dust particle. From these findings
it would appear that chemical differcnces between the dust samples are respon-
sible for quicker contraction of the phagosome membrane and the formation of
sidual bodies, and it is interesting to consider whether this property was related
to the raised coutent of amorphus silica in the heated samples. :

AMarks ef ol (1956) showed that whereas amorphous silica produces the great-

ree of systemic toviesty. the ervstalline varieties are more rapidly cytotoxic

o tcrophages. It may be. however, that while noneryvstalline silica is unable to

cause the rupture of phigosome membranes (Allison et «l.. 1963) it is noncetheless
ble to increase the permeability of most phagosones membranes enough to
aduce phagosome contraction time.
The finding that chrvsotile heated to maore than 600°C is more cvtotoxie than
ormal chrysotile vet results in less brosis appears to contradict Heppleston's
964 findinyg that macrophage death is an essential preenrsor to fibrosis resulting
from silica dust. In fact, however. two conflicting factors are probably involved
1 these findings. It has been found (Davis, 1472) that the amount of 8brosis
>sulting from the injection of mineral dusts closcly corresponds to the size of the
initial cellular response to the dust and this in turn depends largely on the fiber
lanath. Since the heated chrysotile contained no long fibers the resulting gran-

loinas were very small and although macrophage death resulting from increased
aust cvtotoxicity probably accelerated the production of collugen in these lesions
the total collagen production was never very large.

The finding that automobile brake lining dust has a verv low fibrogenicity
15 enconraging, but the initial concern over the pollution of the atinosphere by
brake lining dust concerned its possible association with the production of

1esotheliomas, and the present study has not settled this point with certainty. No

.nmors were found in animals injected with either heated chrysotile or brake

lining dust but the cxperiments were mainhy concerned with the initial tissue
esponse to the dust and were terminated after 1 sr. It is now known. however,
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that whereas intrapleural injection of asbestos in rats produces large numbers of
mesotheliomas (Wagner, 1960) few arc produced by similar injection in mice
( Davis, unpublished) and so no significant results would have been produced
from prolonged experiments of this type using brake lining dust. It is planned to
undertake new series of experiments that will test the long-term effects of brake
lining dust in conditions where normal chrysotile is known to produce tumnors.
At this point, however, it may be pointed out that electron microscope studies of
lesions produced in response to brake lining dust have shown that this dust
contains estremely little recognizable chrvsotile and what there is is mostly
embedded in the plastic bonding material. No computation of urban atmospheric
pollution by chrysotile from this source can therctore be made by calculating
brake drum wear.

DAVIS AND CONIAM

- REFERENCES

Aceson, A, C, Hanrixcrox, J. S Bmseck, M., and Nasu, T, (14963). Observations on the
cytotoxic action of silica on macrophages. Inhaled Particl and Vapours, I1 In “Proceedings
of the British Occupational Hygiene Society Symposium. Cambridee™ ( Davies, C. N., ed.),
pp. 121-131. Published by Pergamon Press.

Anjmver, L., and TrurLoeck. W. M. (1966, The incidence of isbestos bodies in the lungs
at random necropsies in Montreal. Can. Med. Asso. J. 95, 1179=1182,

Barr. M. C., and Tavron. H. F. W. (1963). The debvdramtion of chrvsotile in air und under
hydrothermal conditions. Mineralog, Maw. 33, 1687182,

mNpLEY, G, W, and Havas B (1965). Mechanism of formation of forsterite and enstatite

from serpentine. Mincralog. Mag. 35, 189-193.

Cauxa, D, Torren, R, 5. and Gross, P, (1963). Ashestos badies in Linman lnngs at autopsy.
JAMA 192, 371-373,

Dawg, J. C., and Kina, ELJ (19531, Acute toxicity of smineal dusts. AMA Ared, Industr. Hyg.
Oceup. Med. 7, 478483,

Davis, J. M. G. (1968). The effects of chrysotile asbestos dust on lune macrophages main-
tained in organ cuiture. Brit. J. Exp. Pathol. 48, 379185,

Davis, J. M. G. (1970a). The long term fbrogenic effects ol chnwotile and eracidolite asbestos
dust injected into the pleural cavity of experimental .animabs. Brit. J. Exp. Pathol. 51,
817-627.

Dawvis, J. M. G. (1970b). Further observations on the ultrastructure and chemistry of the
formation of asbestos bodies. Exp. Mol. Pathol. 13. 346~338.

Davis, J. M. G. (1972). The flibrogenic eficets of mineral dusts injected into the pleural cavity
of mice. Brit. J. Exp. Pathol, 83, 190-201.

Davis, J. M. C.. Cross, P., and De TreviLee, R T. P. (1970). Ferruginons bodies in guinea
pigs. Arch. Pathol. 89. 364-373.

Entesson, J. L. E., and Truse, B. F. (1984). Electron microscopic studies of the epithelium
of the proximal tubule of the rat kidney. Lab. Invest. 18. 1427-1436.

Cve, W. E., and Pcroy, W. J. (1824). Poisonows properties of colloidal silica. Brit. J. Exp.
Puthol. 5, 238=250.

Heprrneston, A. C. (1967). Activity of a macrophage factor in collagen formation by silica.
Naoture (London) 214, 521-522. .

Jacarie, I, Runsrrz, M, E.. Coowin, M, C., and Werskorr, R. \W. (1967 ). Tissue respomse
to intraperitoneal ashestos with preliminary report of acute toxicity of heat treated asbestos
in mice, Enciron, Res. 1, 217-230.

Kine, E. J., Corao, [ W, and Rag, V. M, (1946). Effect of wbertos, and of ashestos aml

aluminum on the higs of rabbits. Therez 1, 188-197,

nen tn Tieresperiment, Areh, iy, 137, 625-67

..ns‘n—.uxm'rr:u, W, and Jories, Ko WO (1953), Die Wirkang Verschicdener Kivsselsaueelor

CHRYSUTILE ast

Laxcer, AL M., Rums, I, 4
bodies. In “Prneumoacono
nationsl Conference, johar

Ly~en, J. R (1968). Broke
824~526.

Manks, J. Masox, M oand N
tative tissue culture techni

Mucraan, Lo (19668}, ALe
cases, Seta. Pathol. Micro

Poorey, F. D, OLikan, P. |
of ashestos in tivaues, fn
of the Intemational Cunfe:

Rickanns, A. L. (1967). an
electron-microscopy and ¢
Physics and Chemistry of .
delegates only.

Tuoasoxn, J. G.. Kascavra, .
urbun huzard. S. Afr. Med.

Tuomson, J. G., and Crave:
Pathol. 81, 4158-164,

Utinjiax, M. D.. Gross, P., .
litngs: Prevalence at rando

Voawaup, A. |, Durgax, T.
AMA Arch. Ind. Hyg. QOcc.

Waunen, C., Stewes. C AL &

Waenen, J. C.. and Bemmy.
asbestos, Brit. . Cancer 89

Weasten, [ (1965). Asbesto
35.27.

HWBUI0006713



CHRYSOTILE ASBESTOS AND AUTOMOBILE BRAKE LINING DUST 353

A ML Rums, L and Sessorr, L (1970), Electrun-microscope analysis of ashestos
wlivs, In “Prevmeconiosis” (Shapir, H A, Ed.). pp. 5769, Proveedings of the Inter-
national Confercnee, Johanneshurg, (Zford University Press.

Lyxew, Jo R0 1968), Brake lining decomposition products. J. Air Pollution Cuntrol Asso. 18,
824520,

Manks, | Mason, M., and NacrLsensnor, G, (1958). A study of 'dust toxicity using 2 quanti-
rative tissue culture technigque. Brit, f. Ind. Med. 13, 187-191.

Mrunsiax, L. (1966). Ashestos bodies and pleural plaques in a Finnish series of autopsy
vises, Acta. Pathol. Microbiol. Scand. Suppl. 181.

Poorey, 1. Dl OQuoimas, P DL Cuaxe Hyest Ui, and Waenen, ] €. (1970). The detection
uf ashestos in tissnes. In “Pneumoconiosis” ( Shapirn. A. A, ed.). pp. 105-116. Proceedings
of the International Conference, Johannesburg, by Oxford University Press.

Ricwauns, A, L. (1967). An investigation of the tubular structure of chrysatile asbestos by
electron-microseopy  and clectron diffraction. Paper presented at a conference on “The
Physies and Chennctry of Ashestos Minerals,” Oxford 1967, Conference report circulated to
delegates anly,

Tuossox, J. (.. Kascsivea, R O, C., and MacDoxarp, R. R. ( 1963). Asbuestos as a niodern
ueban hazard. 8. Afr. Med. J. 37, T7-81L. '

Tnosysox, J. G., und Guaves, W. M. (1968). Asbestos as un Urban Air Contwminant. Arch.
Puthol. 81, 458—164. ’

Urringean, M. D., Gross, P., and De Trevicer, RO T, P 19680, Ferrugmons bodies in human
‘lungs: Prevalence at random auntopsies, Arch. Enciron, Health 17, 327335,

Jorwawp, A, J., Duakan, T. M., and Puatr, P. V, (1831}, Experimental studies of Asbestosis.
AMA Arch. Ind. Hyg. Oce. Med. 3. 143,

Waexen, C., SLeces, C. A.. and Manciaxo, P (1960). Brit. J. {ned. Med. 25, 293,

Vacxer, J. C.. and Berny, C. (1969). Mesotheliomas i rts following wocolation with
wsbestos, Brit. J. Cuncer 89, 567=381.

Westen, [ (1965). Asbestosis Resewreh Project, Sonth Mrican, Pocamoconiosis: Review, pp.

.
S
|
-

BT e G Ao S A TR Yy

e,

HWBUI0006714



